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Intellectual Property Office, the entire content of which is incorporated herein by 
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PAQKQROUNP OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a field emission display (FED), and 
more particularly, to an FED that includes emitters made of a carbon-based 
material and a grid plate mounted between front and rear substrates. 

(b) Description of the Related Art 

In modern FEDs, a thick-layer process such as screen printing is used 
to form electron emission sources. The emission sources are formed using a 
carbon-based material that emits electrons at low voltage driving conditions of 

10-100V. 

Carbon-based materials suitable for forming the emitters include 
graphite, diamond, diamond-like carbon, and carbon nanotubes. Among these, 
carbon nanotubes appear to be very promising for use as emitters because of 
their extremely minute tips (i.e., a radius of curvature of approximately tens to 
several tens of nanometers), and because carbon nanotubes are able to emit 
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electrons in low electric field conditions of about 1-10V/|j m. 

Examples of conventional FEDs utilizing carbon nanotubes are 
disclosed in U.S. Patent Nos. 6,062,931 and 6,097,138. 

When the FEDs employ a triode structure of cathode electrodes, an 
5 anode electrode, and gate electrodes, they can have the type of triode structure 
shown in FIG. 12. With reference to FIG. 12, gate electrodes 5 are first formed 
on a substrate on which emitters 1 are to be formed, for example, rear 
substrate 3. Insulation layer 7 is formed on gate electrodes 5, then cathode 
electrodes 9 are formed on insulation layer 7. Emitters 1 are formed on cathode 
10 electrodes 9. Further, anode electrode 15 is formed on a substrate on which 
phosphor layers 1 1 are to be formed, for example, front substate 13. Phosphor 
layers 1 1 are then typically formed on anode electrode 15. 

Further, mesh-type grid plate 17 is mounted between front substrate 13 
and rear substrate 3. A plurality of openings 17a through which electron beams 
15 pass are formed in grid plate 17. Grid plate 17 acts to focus the electron beams 
emitted from emitters 1. A plurality of upper spacers 19 and a plurality of lower 
spacers 21 are formed between front substrate 13 and rear substrate 3 to 
maintain a predetermined gap between front substrate 13 and rear substrate 3. 
However, in practice, many of the electron beams emitted from the 
20 emitters are unable to pass through designated openings 17a of grid plate 17 
and also experience mis-direction away from their intended paths. This is 
caused by the fact that most electron beams are emitted from the edges of 
emitters 1 and at predetermined angles to rear substrate 3. The electron beams 
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then either arc toward front substrate 13 while passing through openings 17a of 

grid plate 17, or fail to pass through openings 17a and strike grid plate 17. 

Furthermore, grid plate 17 is being made to increasingly larger 

dimensions following recent trends of providing greater screen sizes in FEDs. 
5 However, grid plate 17 begins to sag for such large sizes. This is because of 

the minimal thickness of grid plate 17, which is typically made of a metal sheet. 

Openings 17a become displaced as a result. 

Therefore, many of the electron beams strike grid plate 17 and are 

prevented from further movement. The electron beams can strike grid plate 17 
10 and be deflected to travel along an altered path, or pass through one of 

openings 1 7a of metal grid 1 7 corresponding to a pixel adjacent to the intended 

pixel. If emitter 1 from which the electron beam arrows are drawn in FIG. 12 is 

used as an example, the electron beams emitted from emitter 1 land on 

phosphor layer 1 1 of the intended phosphor to illuminate the same and also 
15 land on phosphor layers 1 1 ' of pixels adjacent to the intended pixel to illuminate 

the same. Picture quality is reduced by the landing of the electron beams on 

phosphor layers 11* of unintended pixels. 

To prevent sagging of grid plate 17, the number of lower spacers 21 

may be increased to thereby minimize the spacing between them. However, 
20 this approach can cause the manufacture of the FED to be difficult as a result 

of the complications involved in having to arrange a larger number of lower 

spacers 21 . 
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SUMMARY OF THE INVENTION 

In one exemplary embodiment of the present invention, there is 
provided a field emission display that minimizes a size of openings of a grid 
plate while avoiding the problems associated with a decreased width of the grid 
plate, thereby preventing the illumination of unintended pixels by the spreading 
of electron beams. Also, the field emission display mounts the grid plate without 
the use of lower spacers to avoid the difficulties involved in arranging the lower 
spacers during manufacture. 

In an exemplary embodiment of the present invention, a field emission 
display includes a first substrate and a second substrate opposing one another 
with a predetermined gap therebetween. An electron emission assembly is 
formed on the first substrate to emit electrons by the formation of an electric 
field. An illumination assembly is formed on the second substrate that realizes 
the display of images by the emitted electrons. A grid plate is mounted between 
the first and second substrates and functions to focus the emitted electrons. 
The grid plate includes a mask section having a plurality of apertures for 
passing the electrons, and supports mounted to one side of the mask section 
and extending in a direction toward the first substrate to support the mask 
section from the first substrate. 

The electron emission assembly includes electron emission sources, 
and electrodes for causing the emission of electrons from the electron emission 
sources. The electrodes include cathode electrodes and gate electrodes 
formed in a stripe pattern. The cathode electrodes and the gate electrodes are 
substantially perpendicular to one another and insulated from one another by 



an insulation layer. 

The supports may be mounted on the insulation layer, and when 
providing an auxiliary insulation layer formed on an uppermost layer of the first 
substrate, the supports are mounted on the auxiliary insulation layer. 

5 Preferably, the mask section is formed to a thickness of 20 - 100p m, 

and each of the apertures formed in the mask section has a minimal size of 20 
- 100p m - Further, a sectional aspect ratio of each of the apertures formed in 

the mask section is 5:1 - 1:1. 

The supports may be formed between the apertures formed in the 
10 mask section and along one direction, or between the apertures formed in the 

mask section and along perpendicular directions. Further, the supports may be 

formed between at most every other row of the apertures formed in the mask 

section and along one direction. 

The mask section and the supports may be made of the same metal, or 
15 may be made of different metals having dissimilar etching rates. It is also 

possible for the mask to be made of a metal and the supports of an insulation 

material. 

PFMEF PESCRIPTIQN OF TH5 PPAWtNQS 

20 FIG. 1A is a partial exploded perspective and pictorial view of a field 

emission display according to an exemplary embodiment of the present 
invention. 

FIG. 1B is a partial plan view of phosphor regions surrounded by a 
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black matrix in the FED of FIG. 1A, as formed on an anode electrode of a 
second substrate. 

FIG. 2 is a partial sectional view of the field emission display of FIG. 1 A 
taken along the line I — I , shown in an assembled state. 
5 FIG. 3 is a partial plan view of a rear of a grid plate according to an 

exemplary embodiment of the present invention. 

FIG. 4 is a partial sectional view of the grid plate of FIG. 3. 

FIG. 5 is a partial sectional view of a field emission display according to 
another exemplary embodiment of the present invention. 
10 FIGS. 6 and 7 are respectively a partial plan view of a rear of a grid 

plate and a partial sectional view of a field emission display according to 
another exemplary embodiment of the present invention. 

FIGS. 8, 9, and 10 are partial plan views of a rear of a grid plate 
according to additional exemplary embodiments of the present invention. 
15 FIG. 1 1 is a partial section view of the field emission display according 

to yet another exemplary embodiment of the present invention. 

FIG. 12 is a partial sectional view of a conventional field emission 

display. 

PETARD DESCRIPTION 

20 Referring to FIGS. 1A and 2, the FED includes first substrate 2 and 

second substrate 4 provided opposing one another with a predetermined gap 
therebetween. A structure to enable the emission of electrons by forming an 
electric field is provided on first substrate 2, and a structure to enable the 
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realization of predetermined images by interaction with emitted electrons is 
provided on second substrate 4. 

In more detail, gate electrodes 6 are formed on first substrate 2 in a 
stripe pattern along one direction (for example, axis Y direction of the drawings). 
5 Further, insulation layer 8 is formed over an entire surface of first substrate 2 
covering gate electrodes 6. Cathode electrodes 10 are formed on insulation 
layer 8 in a stripe pattern along a direction perpendicular to the direction of long 
axes of gate electrodes 6 (for example, axis X direction of the drawings). 

Pixel regions are defined by the intersection of gate electrodes 6 and 
10 cathode electrodes 10. Electron emission sources, that is, emitters 12, are 
positioned along one long edge of each of cathode electrodes 10 
corresponding to the location of the pixels. Further, counter electrodes 14 are 
provided at a predetermined distance from cathode electrodes 10. Counter 
electrodes 14 act as a pathway through which an electric field of gate 
15 electrodes 6 is directed to an exposed surface area of insulation layer 8. 

Counter electrodes 14 contact gate electrodes 6 to be electrically 
connected to the same through via openings 8a formed in insulation layer 8. 
Therefore, when a predetermined drive voltage is applied to gate electrodes 6 
such that an electric field for electron emission is formed between gate 
20 electrodes 6 and emitters 12, a voltage of gate electrodes 6 is directed toward 
peripheries of emitters 12 such that a greater electric field is applied to the 
same. This results in better emission of electrons from emitters 12. 

The emitters 1 2 are made of a carbon-based material such as carbon 
nanotubes, graphite, diamond, diamond-like carbon, and Ceo (Fullerene), or are 
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made of a mixture of these carbon-based materials. Carbon nanotubes are 
used in exemplary embodiments of the present invention. 

Formed on a surface of second substrate 4 opposing first substrate 2 
are anode electrode 16, and red (R), green (G), and blue (B) phosphor layers 

o 

18 formed on anode electrode 16. R, G, and B phosphor layers 18 as depicted 
in FIG. 1B are formed in a predetermined pattern, for example, in a matrix 
pattern having rows and columns of phosphor regions, each phosphor region 
corresponding to one of the pixel regions, and at a predetermined distance with 
respect to one another. Further, as depicted in FIG. 1B, black matrix 20 having 
a lattice pattern surrounds the phosphor regions to improve screen contrast. In 
other words, each phosphor region of phosphor layers 18 is disposed within a 
corresponding one of the cells defined by the lattice pattern of black matrix 20. 

Finally, thin metal film 22 made of a metal such as aluminum is formed 
on phosphor layers 18 and black matrix 20. Thin metal film 22 increases screen 
brightness by providing a conventional metal back effect, and acts to transmit 
an electric charge accumulated on phosphor layers 18 to outside the FED to 
improve voltage resistance characteristics of the same. 

As an alternative to the above configuration, it is also possible to form R, 
G, and B phosphor layers 18 and black matrix 20 directly on the surface of 
second substrate 4 opposing first substrate 2 (rather than forming these 
elements on anode electrode 16). Thin metal film 22 is then formed on 
phosphor layers 18 and black matrix 20 as in the above. In this case, it is thin 
metal film 22 that receives a high voltage to act as an anode electrode. Since a 
higher voltage can be applied to thin metal film 22 than to the conventional 
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transparent electrode, improved screen brightness can be achieved. 

First substrate 2 and second substrate 4 structured as in the above are 
sealed using a sealant. Sealing is performed in a state where there is a 
predetermined gap between first substrate 2 and second substrate 4. The air 
5 between first substrate 2 and second substrate 4 is exhausted to form a 
vacuum therebetween. 

Further, mesh-type grid plate 24 having a plurality of apertures 24a is 
positioned between first substrate 2 and second substrate 4. As an example, 
apertures 24a may be formed such that one is located in each of the pixel 
10 regions where gate electrodes 6 and cathode electrodes 10 intersect. Grid plate 
24 acts to focus the electrons emitted from emitters 12, and to prevent damage 
to first substrate 2 caused when arcing occurs in the FED. 

In this exemplary embodiment, a structure is used for grid plate 24 that 
blocks the electron beams emitted from emitters 12 that are diverted and head 
15 toward phosphor layers 18 of unintended pixels. Also, grid plate 24 utilizes a 
structure that prevents sagging of the same. This is realized without the use of 
the conventional lower spacers. 

FIG. 3 is a partial plan view of a rear of grid plate 24, and FIG. 4 is a 
partial sectional view of grid plate 24 of FIG. 3. With reference to FIGS. 3 and 
20 4, grid plate 24 includes mask section 26 having predetermined thickness t1 , 
and a plurality of apertures 24a. At least one aperture 24a is formed 
corresponding to each of the pixel regions. Grid plate 24 also includes supports 
28 that are mounted contacting a surface of mask section 26 opposing first 
substrate 2 in non-pixel regions between apertures 24a. Supports 28 have 
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predetermined height t2 that is greater than thickness t1 of mask section 26. In 
an exemplary embodiment supports 28 taper over predetermined height t2 
such that the contacting area of the supports toward the mask section tends to 
be larger than the contacting area of the supports toward the first substrate, 
providing a generally more stabilized structure geometrically. 

In one exemplary embodiment mask section 26 and supports 28 are 
made of the same conducting material. In another exemplary embodiment 
mask section 26 and supports 28 are made of two different types of materials. 
In the latter case, examples include making mask section 26 using a conducting 
material and supports 28 using an insulating material, and forming mask 
section 26 and supports 28 using two different types of metal materials having 
different etching rates. 

The supports 28 are formed in a stripe pattern between apertures 24a 
of mask section 26 and along one direction of the same, for example, along the 
direction cathode electrodes 10 are formed (axis X direction). With the 
mounting of grid plate 24 between first substrate 2 and second substrate 4 as 
described above, supports 28 are positioned on first substrate 2 (i.e., on 
insulation layer 8) to thereby function similarly to conventional lower spacers. 

That is, supports 28 that are positioned at furthermost outer locations of 
mask section 26 function as a frame to support grid plate 24 to thereby prevent 
deformation of the same during manufacture, while supports 28 positioned 
inwardly from these outermost supports 28 function as lower spacers that 
prevent shorts from occurring between cathode electrodes 10 and grid plate 24 
and/or emitters 12 and grid plate 24, and to maintain the vacuum state in the 
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FED. 

Accordingly, grid plate 24 has an improved structural strength as a 
result of supports 28. Also, mask section 26 of grid plate 24 and apertures 24a 
formed therein are distanced from cathode electrodes 10 by an amount 

approximately corresponding to height t2 of supports 18, preferably 30-200m m. 

By forming grid plate 24 in a multi-layer structure using mask section 26 
and supports 28 as described of above, thickness t1 of mask section 26 of grid 

plate 24 may be minimally formed to approximately 20-1 00m m. Also, apertures 

24a may be formed to a minimal size in mask section 26 using conventional 
etching techniques, that is, having a minimum width of approximately 20-1 OOp 

m. Therefore, a sectional aspect ratio of each of apertures 24a in mask section 
26 is 5:1 - 1:1. 

In sum, apertures 24a are formed to a minimal size in mask section 26, 
and deformation, sagging, and vibration of mask section 26 are significantly 
decreased by supports 28, even when grid plate 24 is made to large sizes. 
Therefore, problems associated with thick mask section 26, that is, difficulties in 
manufacture, generation of noise, and the formation of short circuits between 
cathode electrodes 10 and grid plate 24 and/or emitters 12 and grid plate 24, 
are prevented. 

In addition, since supports 28 are mounted parallel to cathode 
electrodes 10 in the non-pixel regions between cathode electrodes 10, supports 
28 act as partition walls to separate cathode electrodes 1 0 from one another. 



n 



This partition wall function of supports 28 is such that the electron beams 
emitted from emitters 12 that stray from their intended paths and toward 
phosphor layers 26 of pixels adjacent to the target pixels are intercepted. In 
particular, the illumination of the wrong, unintended pixels is prevented by 
supports 28. 

In the case where mask section 26 and supports 28 are made of the 
same metal material, mask section 26 and supports 28 are separately 
manufactured into the shapes as described above, then a process is performed 
to join these elements. 

Also, in the case where mask section 26 and supports 28 of grid plate 
24 are made of metals having different etching rates, a metal plate (not shown) 
realized by combining a first metal having thickness t1 and a second metal 
having height t2 and a different etching rate as the first metal is prepared. Using 
this difference in etching rates between the first and second metals, 
conventional etching procedures are used to perform asymmetrical etching of 
the metal plate to thereby realize the structure of grid plate 24 as described 
above. 

Alternatively, following the formation of mask section 26 by forming a 
plurality of apertures 24a in the first metal of thickness t1 , and the patterning of 
the second metal having height t2 to form supports 28, the first metal and the 
second metal are joined to thereby realize the structure of grid plate 24 as 
described above. 

Grid plate 24 is mounted on first substrate 2 such that mask section 26 
thereof is at a predetermined distance from first substrate 2 as a result of 
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supports 28. Also, a plurality of spacers 30 are mounted between second 
substrate 4 and grid plate 24 in non-pixel regions such that a predetermined 
distance is maintained between second substrate 4 and grid plate 24. 

In the FED structured as in the above, predetermined external voltages 
are applied to gate electrodes 6, cathode electrodes 10, anode electrode 16, 
and grid plate 24 to thereby drive the FED. As an example, a positive voltage of 
a few to a few tens of volts is applied to gate electrodes 6, a negative voltage of 
a few to a few tens of volts is applied to cathode electrodes 10, a positive 
voltage of a few hundred to a few thousand volts is applied to anode electrode 
16, and a positive voltage of a few tens to a few hundred volts is applied to grid 
plate 24. 

Therefore, with reference to FIG. 2, an electric field is generated in the 
vicinity of emitters 12 by the difference in voltage between gate electrodes 6 
and cathode electrodes 10 such that electrons are emitted from emitters 12. 
The electron beams formed as a result are attracted by the positive voltage 
applied to grid plate 24 to pass through apertures 24a thereof while traveling 
toward second substrate 4. After passing through apertures 24a of grid plate 24, 
the electron beams are attracted by the high positive voltage applied to the 
anode electrode 16 to thereby land on phosphor layers 18 and illuminate the 
same. 

During the above process, some of the electron beams emitted from 
emitters 12 do not pass through apertures 24a of grid plate 24 corresponding to 
the intended pixel to be illuminated, and instead spread out toward phosphor 
layers 18' of adjacent pixels. That is, some of the electron beams stray from 
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their intended paths. However, since apertures 24a of mask section 26 of grid 
plate 24 are formed to a minimal size, mask section 26 blocks the electron 
beams directed toward phosphor layers 1 8' of pixels adjacent to the intended 
pixels to thereby prevent illumination of these phosphor layers 18'. Further, with 
the formation of supports 28 in the non-pixel regions between cathode 
electrodes 10 and having height t2, the misdirected electron beams are 
intercepted and prevented from further movement. 

Therefore, in accordance with the present invention the illumination of 
the wrong pixels is prevented to improve vertical resolution of the picture. 
Clarity of characters is improved in the vertical direction to enable the same to 
be more easily read. Further, since lower spacers are unneeded in the 
exemplary embodiment of the present invention, the procedure in which lower 
spacers are aligned can be omitted from the manufacturing process. 

FIGS. 5-10 are related to various other exemplary embodiments of the 

present invention. It should be noted that these additional exemplary 
embodiments use the basic configuration of the exemplary embodiment 
described above, and so only differences in structure will be explained in detail. 

Referring first to FIG. 5, auxiliary insulation layers 32 are formed on 
insulation layer 8 that extends between pairs of cathode electrodes 10 and 
counter electrodes 14 in the non-pixel regions, that is, between each of the 
cathode electrodes 10 and a counter electrode 14 of an adjacent pixel. 
Supports 28 of grid plate 24 are positioned on auxiliary insulation layers 32. 

With this configuration, insulation characteristics between the 
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conductors of grid plate 24, cathode electrodes 10, and counter electrodes 14 
are ensured. Also, the process margin when grid plate 24 is mounted on first 
substrate 2, and the widths of cathode electrode 10 and counter electrodes 14 
can be easily ensured. 

FIGS. 6 and 7 show views of yet another exemplary embodiment of the 
present invention. Supports 34 mounted to grid plate 24A are formed in a stripe 
pattern along another direction of mask section 26, for example, along the 
direction gate electrodes 6 are formed (axis Y direction). Further, auxiliary 
insulation layers 36 are mounted on cathode electrodes 10 in the same stripe 
pattern as supports 34, and supports 34 are mounted on auxiliary insulation 
layers 36. Auxiliary insulation layers 36 act to prevent a short circuit between 
cathode electrodes 10 and supports 34 when supports 34 are mounted on 
cathode electrodes 10. However, it is also possible to form supports 34 using 
an insulation material so that auxiliary insulation layers 36 are unneeded. 

Supports 34, with reference to FIG. 7, prevent the spread of electron 
beams in axis X direction by blocking the electron beams that are misdirected 
toward the wrong pixels where phosphor layers 18" of another color are 
located. Accordingly, supports 34 prevent mislanding of the electron beams 
such that illumination of the wrong pixels is prevented and overall color purity is 
improved. 

FIG. 8 shows another exemplary embodiment of the present invention. 
In this case, supports 38 mounted to grid plate 24B are formed in a stripe 
pattern along one direction of mask section 26, for example, along the direction 
cathode electrodes 10 are formed (axis X direction), and along another 
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direction of mask section 26, for example, along the direction gate electrodes 6 
are formed (axis Y direction) to thereby realize a lattice pattern. 

FIG. 9 shows still another exemplary embodiment of the present 
invention. In this exemplary embodiment, supports 40 of grid plate 24C are 
formed between at most every other row of apertures 24a. Supports 40 may be 
formed in a stripe pattern along the direction of cathode electrodes 10 (along 
axis X direction), along the direction of gate electrodes 6 (along axis Y direction) 
as shown in FIG. 6 (but between at most every other column of apertures 24a), 
or along the direction of cathode electrodes 10 and along the direction of gate 
electrodes 6 in a lattice pattern as shown in FIG. 8 (but between at most every 
other row and column of apertures 24a). 

FIG. 10 shows still yet another exemplary embodiment of the present 
invention. In this exemplary embodiment, supports 42 of grid plate 24 are 
formed in a dot pattern in non-pixel regions of mask section 26. Supports 42 
are formed in a non-continuous manner, that is, not in every non-pixel region 
between apertures 24a. 

The supports of the grid plate of the present invention are not limited to 
the above exemplary embodiments. The shape of the supports and their 
pattern may be varied as needed. 

Although a description was provided above in which gate electrodes 6 
are formed under cathode electrodes 10 with insulation layer 8 interposed 
therebetween, the structure of the electron emitting assembly realized through 
emitters 12, cathode electrodes 10, and gate electrodes 6 is not limited to the 
above exemplary embodiments. That is, as shown in Fig. 1 1 , gate electrodes 
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42 may be mounted on cathode electrodes 44 with the insulation layer 
interposed therebetween. 

With reference to FIG. 11, cathode electrodes 44 and gate electrodes 
42 are formed along intersecting directions with insulation layer 8 interposed 
therebetween. Opening 46 is formed at each of the locations where gate 
electrodes 42 and cathode electrodes 44, and emitter 48 are positioned on 
areas of cathode electrodes 44 exposed by openings 46. Driving of the FED 
shown in FIG. 1 1 is substantially identical to the driving of the above exemplary 
embodiments. Therefore, a detailed description thereof will not be provided. 

In the FED in accordance with the exemplary embodiments of the 
present invention described above, the grid plate is formed using a multi- 
layered structure in which the mask section and the supports are joined 
together. As a result, the apertures of the mask section may be more minutely 
formed such that the electron beams emitted from the emitters that spread out 
and are misdirected toward pixels adjacent to the desired pixels are effectively 
blocked. Accordingly, the present invention prevents the illumination of the 
wrong pixels to improve vertical resolution and color purity. 

Further, the problems associated with reducing the thickness of the 
mask section (i.e., manufacturing difficulties, shorts between the electrodes 
formed on the first substrate, and the generation of noise) are avoided by the 
use of the supports of the grid plate. The problems associated with the 
arrangement of lower spacers are also avoided with the use of the supports of 
the present invention. 

Although embodiments of the present invention have been described in 
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detail hereinabove in connection with certain exemplary embodiments, it should 
be understood that the invention is not limited to the disclosed exemplary 
embodiments, but, on the contrary is intended to cover various modifications 
and/or equivalent arrangements included within the spirit and scope of the 
5 present invention, as defined in the appended claims. 
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